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[Name of Document] Specification 

[Htle of the Invention] ORGANIC METALUC COMPLEX AND 
ELECTROLUMINESCENT ELEMENT USING THE ORGANIC METALUC 
COMPLEX 
5 [Scope of Claim] 
[Claim 1] 

An oTganometallic complex represented by the following g^eral fbnnula (1): 
[Fonnula 1] 




10 

(Ri is an alkyl group, an aryl group» a substituted aryl group, a heterocyclic group or a 
substitttted heterocyclic group; Ri is hydrogoi, an alkyl group, an aiyl group, a 
substituted aiyl groups a heterocyclic group, or a substituted heterocyclic group; R9, R4, 
Rs, and R^ may be identical or different, and are Individually hydrogen, halogen, an 

IS alkyl groups an alkoxyl group, an aiyl group, a substituted aryl group, a heterocyclic 
group, or a substituted heterocyclic group; M is an element of Croup 9 or an element of 
Group 10, and n = 2 when the M is the element of Group 9 or n = 1 when the M is the 
element of Group lO, and L is a monoanionic ligand having a p-diketone structure, a 
monoanionic bidentatc ligand having a carboxyl group, or a monoanionic bidentate 

20 ligaiKl having a i^iraolic hydioxyl group). 
[Claim 2] 

The organometallic complex according to Claim 1, the M is iridium or 
platinum. 
[Claim 3] 
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The organometallic complex accordiag to Qaun 1 or Claim 2, the Lis any of 
moAoanionic ligands shovinn by the foUowuig structure formulas (2) to (8). 
[Fonnula2] 
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(8) 
[Claim 4] 

An electroluminescent device using the organometallic complex according to 
any one of Qaixns 1 to 3. 
S [Claims] 

An electioluminesceni device using the organometallic complex according to 
any one of Qaims 1 to 3 as a light emitter. 
[Claim 6] 

A light-emitting device using the electroluminescent device according to any 
10 Qaim 4 or S. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] 

The present invention relates to a compound that is able to convert a triplet 

IS exdted state into light emission. The present inventi<xi also relates to an 
electiohiminescent device that has an anode, a cathode, and a layer including an ozggnic 
compound (hereinafiei; referred to as "electroluminescent layer*^ from which light 
emission is obtained by applying electric field» wh^e the electroluminescent layer 
includes a compound that is able to convert a triplet excited state into lig^t emission, 

20 and a light-emitting device using the electroluminescent device. 
[0002] 
[Prior Art] 

When light is absorbed by an organic compound (organic molecule), the 
organic compound (orgauic molecule) gpts to have energy (an excited state). Trough 
25 this excited state, various photochemical reactions may be developed or light emission 
(luminescence) may be generated^ and various applications have been tried. In 
particular, as an application field of a li^-emitting compound, an electroluminescent 
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device (a device that emits light by applying electric field) catt be giveii» 
[0003] 

In the case of using an orgaiuc compound as a light emitter, the emission 
mechanism of an electroluminescent device is a carrier injection type, bi other wards, 

5 by applying a voltage with an electroluminescent layer sandwiched between electrodes^ 
an election injected from a cathode and a hole injected from an anode are recombined in 
the electroluminescent layer to form a molecule in an excited state (hereinafter, referred 
to as an exited molecule), and energy is released to emit light while the excited 
molecule moves back toward the ground state. 

10 [0004] 

In the foregoing electjoluminescent device, the electroluminescent layer is 
genially formed of a thin film about below 1 ^m. Furthei; wcc the fiiregoing 
electroluminescent device is a self-luminous device, wheare the electroluminescent layer 
itself emits light, a backlight that is used for a conventional liquid crystal display is 
15 unnecessary. Therefoie, it is a great advantage that it is possible to be manufactured to 
have significantly a thin thickness and a lightweight. 
[00051 

In the case of an electroluminescent layer with a thickness approximately from 
100 to 200 mn. for example, the time from an injection of carriers to their 

20 recombinatuin is about sevoral ten nanoseconds considering the canier mobility of the 
electroluminescent layer. Even whm processes from the recombination of the carriers 
to light emission are included, only time on within the microsecond time scale is 
required to reach light emission. Thus, the £driy high response q^eed is also one of the 
features. 

25 [0006J 

In addition, since the foregoing electroluminescent device is a earner injection 
type li^t-emitting device, driving by DC voltage is possible, and it is unlikely that a 
noise is generated. As for the driving voltage, an uni£Drm ultra thin film with a 
thidcness of approxunately lOOnm is first used as the electrolumincscrat layer, a 
30 material for an electrode is also selected to reduce a carrier injection barrier against the 
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electiQluminescent layer» and a heterostructure (two-layer stnxcture) is additionally 
introduced. Accordingly, a suffident luminance of 100 cd/zn^ can be obtained at 5.5V 
(refer to Non-Patent Document 1, for example). 
[0007] 

5 [Non-Patent £>ocument 1] 

C W. Tang and S. A. Vtoslyke» ••Organic electroluminescent diodes^ Applied 
Physics Letters, vol 51, No. 12, 913-915 (1987) 
[0008] 

The electroluminescent device has been attracting attention as a 
10 next-generation flat panel display in tenns of the features such as the thin thidmess and 
the lightweight, the high speed response, and the low DC voltage drive. In addition, 
relatively favorable visibDity can be obtained since the electroluminesc»t device is a 
sdf-luminous device that has a wide viewing angle^ and the eledrolnminesoent device 
is considered to be eCEective as the device fix a display screen of a portable device. 
15 [0009] 

By the way, light emission observed in the foregoing electroluminescent device 
is a luminous phenomenon in an excited molecule moving back toward a ground state. 
At this point, the excited molecule foimed from an organic molecule can take two kinds 
that are a singlet excited state (S*^) and a triplet excited state (T*). In addition^ the 
20 statistic generation ratio in an electroluminescent device be considered to is : T* ^ 
1 : 3 (Non-Patent Document 2, fcx example). 
[0010] 

[Non-Patent Doomient 2] 

Tetsuo TSUTSUI, Text of the third lecture meeting, Blettin of Organic 
25 Molccular/Bioelectronics Subcommittee, Society of Applied Physics, p. 31 (1993) 
[0011] 

However, in the case of a general organic compound, luminescence from the 
triplet exited state (phosphorescence) is not observed at room temperature while only 
luminescence from the singlet exited state (fluorescence) is observed generally. This is 
30 because T* (So transition (pho^hoiescence process)) becomes a forbidden transition 
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and S* (So transition (fluorescence process)) becomes an allowed transition since an 
organic compound generally has a ground state of a singlet state (So). In other words, 
only the singlet exdted state contributes to luminescence generally. 
[0012] 

5 Consequently, the internal quantum efficiency (die ration of photons generated 

to injected caniers) in an electrolunainescent device is assumed to have a theoretical 
limit of 25 % in accordance with S* : B 1 : 3. 
[0013] 

Further, generated light is not all coupled out to the outside, and it is not 
10 possible to take a portion of the light out due to inherent refractive indexes of a 
constituent material of an electroluminescent device and a material of a substrate. The 
ratio of light taken out to the outside to generated light is referred at as a light-extraction 
efficiency, it is said thai the light-extraction efficiency is only about 20 % in an 
electioluminesoeat device that has a glass substrate. 
15 [0014] 

Consequently^ it is said that the ratio of photons that can be taken out finally to 
the outside to the number of the injected carriers (hereinafter, '"external quantum 
efficiency*^ has a theoretical limit of 25 % x 20 % s 5 % if injected carriers are all 
formed into excited molecules. In other words, if all of the carriers are reccMnbined, it 
20 is conceivable that only 5 % thereof can be taken out as U|^t 
[0015] 

However, in these years, an electrohiminesoent device that is able to convert an 
energy released in moving bade toward a ground state from a triplet excited state ^T*) 
(hereinafter, referred to as triplet excitation energy'O i^to light emission has been 
25 made in public one after the other, and a high luminous efficiency thereof has been 
attracting attention (refer to Non-Patent Document 3 and Non-Patent Document 4, for 
example). 

[0016] 

[Non-Patent Document 3] 
30 D. F. O'Brien, M. A. Baldo, M. E. Thompson and S. R. Forrest, ''Improved 
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energy transfer in slcuophosphorescent devices". Applied Physics Letters, voL 74-, No* 3, 
442^(1999) 
[0017] 

[Non-Patent Document 4] 

5 Tetsuo TSUTSUI, Moon-Jae YANQ Masayuki YAHIRO. Kenji NAKAMURA« 

Teruichi WAIANABE, Taishi TSUJI» Yoshinori FUKUDA, Takeo WAKIMOTO and 
Satoshi MIYAGUCHI, 'High Quantum Efficiency in Oiganic Light-Emitting Devices 
with Iridjum«<Complex as a Triplet Emissive center^, Japanese Journal of Applied 
Physics Vbl. 38, pp. L1502-L15O4 (1999) 

10 [0018] 

A porphyrin complex that has platinum as a central metal and an 
orgiaiiometalllc complex that has iridium as a central metal are respectively used in 
Non-Patent Document 3 and ui Non-Patent Document 4, and both of the complexes are 
of a phosphorescent material that has a third-series transition element introduced as a 
15 central metal, which includes one that well exceeds the foregoing theoretical limit 5 % 
of the external quantum efficiency. In other words, an electroluminescent device using 
a phosphorescent material can achieve a higher external efficiency than conventional 
one. Them as the external effidency is higher, the luminance is improved. 
[0019] 

20 Therefore, an electroluminescent device using a phosphorescent material is 

consideied to occupy an important position in a future development as a means for 
accomplishing luminescence with a high luminance and a high luminance efficiency. 
[0020] 

As described above, a phosphorescent material is useful lor being applied to 
25 electroluminescent devices, which is expected. However, it is still the case that the 
number thereof is smalL Tlie iridium complex that is used in Non-Paten Document 4 
is one of organometalUc complexes referred to as an orthometalated complex. Since 
this complex has a phosphorescence lifetime of several hundreds nanoseconds and a 
high phosphorescence quantum yield, the decrease in efficiency associated with an 
50 increase in luminance is small as compared to the porphyrin complex. From that 
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viewpoint, the foregping oiganomclallic complex using the heavy metal is one of 
guidelines for synthesizing a phosphorescent material. 
[0021] 

By the way, an electroluminescent device has been actively developed for 
5 being applied to displays. Above all, the development of a device that can emit wiiite 
light has been distinctly focused. This is because full color display is possible when a 
color filter is attached to a display device, in addition to applicaticms as mono-color 
display and Ughting such as a backlighL 
[0022] 

10 Since a light-emitting device with a filter passed through has an usability of 

light lowered, a device that can achieve high-luminance while light emission with lower 
power consumption is strongly required. In addition, considering the application as 
lighting, it is no mistake thai a higher luminance is required. Therefore, it can be said 
that the use of an electroluminescent device using a phosphorescent material for 

15 realizing white light emission is the most effMive means. 
[0023] 

In the case of a conventional electroluminescent device using a phosphorescent 
material for white light emission, a method such as a method of mixing materials that 
respectively emit R (red), G (greenX and B (blue) to form a thin film» a method of 

20 laminating layers thai respectively emit R (red), G (green), and B (blue), or a method of 
combining complmentary colors (a blue-green color and an orange color, for example) 
(refer to Non-Patent Document S, for example) is considmd. However, since a 
plurality of luminescent materials that have different emission wavelengths are needed 
in any case in order to obtain a spe^nmi of white light, there is a problem that a driving 

25 voltage is increased. In addition, since it is necessary to combine a hole blocking layer 
in order to obtain a high luminous efiBdency firom an electroluminescem device using a 
phosphorescent material, a quite complicated device structure is required. 
[0024] 

(Non-Patent Document 5) 
30 Brian W. Andrade, Jason Brooks, Vadim Adamovicfa, Mark E. Tliompson, 
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and Stephen R. Foirest, "White light Emission Using Ttiplet Exdmers in 
Bectrophosphoresoent Oiganic light-Emitting Device", Advanced Materials, 14, No. 
15,1032-1036(2002) 
[0025] 

5 As above, since a planar souice for white light emission Js composed of a 

plurality of materials combined quite intricately, a manufocturing process is not only 
controlled with difficulty but also is made cumbosome and complicated. 
[0026] 

[Problem to be solved by the Invention] 
10 It is an object of the present invention to provide a novel while or whitish 

himinesoent material by synthesizing an organcmietallic complex that is able to convert 
a triplet excited state into luminescence. 
[0027J 

In addition, it is particularly an object of the present invention to provide a 
15 white electroluminescent device that has a high luminous efficiency and can be easily 
manu&ctured by using the organometallic complex to manufacture a white oi whitish 
electroluminescent device that has a simple device structoie. 
(0028] 

Further, it is an obrject of the present invention to provide a light-emitting 
20 device with low pown consumption by usii^ the electroluminescent device to 
manufecture a light-emitting device. The li^t-emitting device in the spedficaticm 
indicates a Ii|^t-emitting device and an hnage display device that use an 
electioluminescent device. In addition, a module that has a connecter such as an 
anisotropic conductive film (EPC: Flexible Printed Circuit) or TAB (Ihpe Automated 
23 Bonding) attached to an dectroluminescent device, a module that has a TAB tape or a 
TCP (Tapo Carrier Fadcage) attached, a module that has a printed wiring board provided 
at the lip of a TAB tape or a TCP, and a module that has an electroluminescent device 
directly mounted with an IC (integrated circuit) by a COG (Chip On Glass) method are 
all included in the light-emitting device. 
30 [0029] 
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[Means for solving tbe Problem] 

The inventois have focused on an orgatxometallic compound that has an 
element of Gioup 9 or an element of Group 10 as a center, which can be fonned in the 
case of using a ligand shown by the following general fonnula 1* 
5 [0030] 
[Formula 3] 




[0031] 

10 Then, the inventors have found that a complex represented by the following 

general formula (9), which is synthesized by orthometallation of the ligand of the 
general formula 1, has both components of fluorescence and phosphorescence of in the 
region of visible light* Since emissira wavelengths of fluorescence and 
pho^horescence of this complex are observed respectively in the side of shorter 

15 wavelengths and in the side of longer wavelengths, it is a feature to be a white or 
whitish lighting color. 

[0032] 
[Fonntda4] 
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Rt 



(10) 
[0033] 

(where Ri is an alkyl group, an aryl group, a substituted aryl group, a 
heterocyclic group or a substituted heterocyclic group; R2 is hydrogea, an alkyl group, 

5 an aryl group, a substituted aryl g;roup, a heterocydic ginoup, or a substituted 
heterocyclic group; R), R4» Rs, and Rc may be identical or different, and are individually 
hydrogen, halogen, an alkyl gn>up, an alkoxyl group, an aryl group, a substituted aryl 
group, a heterocyclic group, or a substituted heten^cyclic g;roup; M is an element of 
Group 9 or an element of Group 10» and n = 2 when the M is the element of Group 9 or 

10 n = 1 when the M is the dement of Group 10; and Lis a monoanionic ligand having a 
P-diketone structure, a monoanionic bideotate ligand having a carboxyl group, or a 
monoanionic bidentate ligand having a phenolic hydroxyl group. 
[0034] 

Cbnsequentiy, it is an aspect of the present invention to provide the 
15 oiganometallic complex represented by the aforementioned general formula (10). 
[003S] 

For more efficient phosphorescence, a heavy metal is pref(»rred as the central 
metal in terms of heavy atom effect. Therefore, one feature of the present invention is 
that the central metal M is iridium or platinum in the aforementioned general formula* 
20 [0036] 

In addition, any of monoanionic ligands shown by structure formulas (11) to 
(17) below is preferable although the ligand L is any of a monoanionic ligand having a 
P-diketone structure, a monoanionic bidentate ligand having a carboxyl group, and a 
monoamonic bidentate ligand having a phenolic hydroxyl group. 
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(17) 
[0038] 

By the way, since the organametallic complex according to the present 
5 invention can convert triplet excitation energy into light emission, an efiBcient device 
with white or whitish luminescence becomes possible by applying the otganometalUc 
complex to an electfoluminescent device, which is quite efBcient. Consequently, the 
present inventicm also includes an electroluminescent device that uses the 
organcHnetallic complex according to the present invention. 
10 [0039] 

Since the thtis obtained electroluminescni device aoooiding to the fvesent 
invention can realize a high luminous efficiency, a light-emitting device that uses this as 
a light-emitting dement (an image display device or a light-emitting device) can realize 
k>w power consimiption. Consequently, the present invention also includes a 
15 light-emitting device that uses the organometallic complex according to the present 
invention, 

[0040] 

The ligand represented by the aforementioned general formula (9) can be 
synthesized in accordance with the following synthesis scheme (18)» 
20 [0041] 
[Formula 6] 
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H2N-R1 




[0042] 

5 Thus obtained ligand of the general fonnula (9) is used to fionn the 

oxganometallic complex according to the present invention (genml foimula (10)). As 
Ihc orthometallation reaction at this moment, a known synthesis method may be used. 
[0043] 

In synthesizing an organometallic complex with iridium as a central metal 
10 acooiding to the present invention, for example, iridium chloride hydrate is used as a 
raw material to synthesize a chlorine-bridged dinudear complex fiist by mixing the 
iridium chloride hydrate with the Ug^nd of the general formula (9) and refluxing in a 
nitiogen atmosphere (the following synthesis scheme (19)). Next» the chlorine bridgo 
is cut with the ligand L to obtain the organometallic complex according to the present 
15 invention by nuxing the obtained dinuclear complex and a row material for the ligand L 
and refluxing in a nitrogen atmosphere (the following synthesis scheme (20)). 

[0044] 
[Fomiula 7] 
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[FonnulaS] 



PAGE 2(»41'R(»DAT9/2Q{20(I52:1S-^8PM [Eastern Dayp 



SEP. 20. 2005' 2:33PM 866 74t 0075' 



NO. 4321 P. 21 




+ 2H-L 





Ir-L 



(20) 



[0045] 



5 The synthesis method of the organometallic complex, which is used in the 

present inveatton, is not limited to the synthesis method shown ahove. 
[0045] 

In addition, while the oiganometallic complex according to the present 
invention can be nsed as a fluorescent and phosphorescent material, it is beUeved that it 
10 is more preferable that the siibstitoent Rj in the afoiementioiied general fiormula 2 is not 
hydrogen but an electron donating group such as an alkyl group in order to efficiently 
realize the both components of fluorescence and phosphorescence. 
10047] 

Next, a mode whoc the fluorescent and phosphorescent material according to 
1$ the present invention is appUed to an electroluminescent device will be described below. 
[004S] 
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[Embodiment Mode 1] 

In Embodiment Mode 1, a device structure of an electroluminescent device that 
has a light-emitting layer including an orgimometallic complex according to the present 
inveotioi), a hole injection layer comprising a low molecular y/ei^t material, a hole 
5 transport layer, a hole blocking layer, and an electron transport layer will be described 
with reference to Fig. 1. 
[0049] 

Fjg» 1 has a structure where a first electrode 101 is formed on a substrate 100, 
an electroluminescent layer 102 is formed on the first electrode 101, and a second 
10 electrode 103 is formed thereon. 
[0050] 

Here, as a material that is used for the substrate 100, a material that is used in a 
coixventional electroluminescent device may be used, and a substrate comprising such 
as glass, quartz, or transparent plastic can be used* 
15 [0051] 

Besides, the first electrode 101 in Embodiment Mode 1 functions as an anode 
and the second electrode 103 functions as a cathode. 
[0052] 

In other words, the first electrode 101 is formed of an anode material, and it is 
20 preferable to use a metal, an alloy, an electricaUy conductive compound, and a mnture 
of these, which have a large work function (a work function of 4,0 eV or more), as the 
anode material that can be used here. As a specific example of the anode material, 
gold (Au), platinum (Ft), nickel (Ni), tungsten (W), chromium (Cr^ molybdenum (MqX 
iron (Fe), cobalt (Co), copper (CuX paUadium (Pd), a nitride of a metal material (UN), 
25 or the like can be used in addition to TTO (indium tin oxide) and IZO (indium zinc 
oxide) of indium oxide mixed with zinc oxide (ZnO) at 2 to 20 [%]. 
[0053] 

On the other hand, it is preferable to use a metal, an alloy, an electrically 
conductive compound, and a mixture of these, which have a small work function (a 
30 work function of 3.8 eV or less), as a cathode material that is used for forming the 
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second electrode 103. As a specific example of the cathode material, a rare^aith 
metal can be used for the formation in addition to an element belonging to Group 1 or 
Group 2 of the periodic table of the element, that is, an alkali metal such as Li or Cs, 
and an alkali earth element such as Mg, Ca, or Sr, and an alloy (Mg:Ag, Alili) and a 
5 compound (LiF, CsF, CaF^) including these, and it is also possible to further laminate a 
metal (including an alloy) such as Al, Ag, or TFO for the formation. 
[0054] 

la addition, a thin film of the foregoing anode material and a thin film of the 
cathode material are formed by evaporation^ sputtering, or the like to respectively fonn 
10 the first electrode 101 and the second electrode 103, which preferably have a film 
thickness of 10 to 500 nm. 

[0055] 

Besides, in the electroluminescent device aocordiAg to the present invention, 
light generated by recombination of carriers in the electroluminescent layer is emitted 

15 from one or both of the first electrode 101 and the second electrode 103 to the outside. 
In other words, the first electrode 101 is formed of a translucwt material in the case 
where light is emitted from the side of the first electrode 101 while the second electrode 
103 is formed of a translucrat material in the case where Ught is emitted from the side 
of the second electrode 103. 

20 [0056] 

In addition, the electroluminescent layer 102 uses a single layer, or is formed 
by laminating a plurality of layer. In Embodiment Mode 1, the electroluminescent 
layer 102 is formed by laminating a hole injectira layer 111, a hole transport layer 112, 
a light**emitt3ng layer 113, a hole blocking layer 114, and an electron transport layer 115. 
25 [0057] 

As a hole injection material for forming the hole injection layer 111, a 
phthalocyanine-based compound is efficient* For example, phthalocyanine 
(abbreviation: referred to as H2-FC), copper phthalocyanine (abbreviation; referred to as 
Cu-Pc), and the like can be used. 
30 [0058] 
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As a hole transport material for forming the hole transport layer 112, an 
aromatic amine-based (that is, one that has a bond of benzene ring-nitrogen) compound 
is widely used. As materials that are used widely, for example, in addition to 4, 4* - bis 
[N - (3 - methylphenyl) - N - phenyl - amino] - biphenyl (abbreviation: TPD)» a 

5 derivative thereof such as 4, 4' - bis [N - (1 - naphthyl) - N - phenyl - amino] - biphenyl 
(aUbreviation: a*NPD) and star burst aromatic amine compounds sndi as 4^ 4\ 4" - tris 
(N, N - diphenyl - amino) - triphenylamine (abbreviation: TDATA) and 4, 4% 4" - tris [N 
- (3 - methylphenyl) - N - phenyl - amino] - triphenylamine (aU>reviation: MTDATA) 
canbegjven. 

10 [0059] 

Hie light-emitting layer 113 includes the oiEanometallic complex previously 
shown by the geocial formula (10), and is formed by Go-evaporation of this 
orgaoometallic coniplex and a host material. As the host material, a known material 
can be used, and 4^ 4' - bis (N * carbazolyl) - biphenyl (abbreviation: CBPX 2, 2' 27 - (1, 
IS 3, 5 - benzenetriyl) - tris [1 - phenyl - IHbenzimidazole] (abbreviation: TPB^ and the 
like can be given. 
[0060] 

As a hole blocking material for forming the hole blocking layer 114, bis (2 - 
methyl - 8 - quinolinolate) - (4 • phenylphenolato)-aluminum (abbreviation: BAlq), 1, 3 

20 - bis [5 - (p - tert - butylphenyl) - 1, 3, 4 - oxadiawle • 2 - yl] benzene (abbreviation: 
OXD-7), 3 - (4 - tert - butylphenyl) - 4 ^ phenyl - 5 - (4 - biphenylyl) - 1, 2, 4 - triazole 
(abbreviation: TAZ), 3 - (4 - tert - butylphenyl) - 4 - (4 - ethylphenyl) - 5 - (4 - 
biphenylyl) - 1, 2, 4 - triazole (abbreviation: p-EtTAZ), bathophenanchroline 
(abbreviation: BPhen), bathocuproin (abbreviation; BCF)> or the like can be used. 

25 [0061] 

As an electron transport material in the case of forming the electron transport 
layer 115, a metal complex that has a quinoline skeleton or a benzoquinoline skeleton 
such as tris (8 - quinolinolato) aluminum (abbreviation: Alqa), tris (5 - metbyl - 8 - 
quinolinolato) aluminum (abbreviation: AlmqaX or bis (10 - hydFOxybenzo[b] - 
30 quinolinato) beryllium (abbreviation: BeBq^), and BAlq mentioned above are preferred. 
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In addition, a metal complex that has an oxazole^based ligand or a thiazole-based ligand 
such as bis [2 - (2 - hydroxyphenyl) - benzothiazolato) zinc (abbreviation: Zn(BTZ)2) 
can also be used In addition to the metal complexes, 2 - (4 - biphenyl) - 5 - (4 - tert - 
butylphenyl) - 1, 3, 4 - oxadiazole (abbreviation: PBD)» the afiDiementioned OXD-7, 
5 TA2^ p-EtTAZ^ Bphen, and BCP» and the like can be used as the election iranspoit 
materiaL 

[0062] 

In this way, it is possible to form an electroluminescent device that has the 
light-emitting layer 113 including the organometallic complex according to the present 
10 invention, the hole injection layer 111 comprising the low molecular weight, the hole 
transport layer 112, the hole blocking layer (hole blocking lay^) 114, and the hole 
transport layer 115. 

[0063] 

In Embodiment Mode 1, the ocganometallic complex according to the present 
15 invention is used as a guest material in the light-emitting layer 113, the 
electroluminescent device is the device that has luminescence obtained from the 
oiganometallic complex according to the present invention as a lighting color. 

[0064] 
(Embodiment Mode 2) 

20 In Embodiment Mode 2, a device stmctuxe of an dec^uminesoent device that 

has a ligbt-emitting layer induding an organometallic complex aocoxding to the present 
invention and a bole injection layer comprising a polymer material, which are fonned 
with a wet process, will be described with reference to Flg^ 2. 
[0065] 

25 Since it is possible to use the same materials as those in Embodnnent Mode 1 

to form a substrate 200, a fiist electiode 201, and a second electrode 203 in the same 
way, desoiptions thereof are omitted. 
[0066] 

In addition^ an electrolunmiescent layer 202 is formed by laminating a plurality 
30 of layeis, in Embodnnent Mode 2, formed by laminating a hole injection layer 211 and a 
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light-emitting layer 212. 
{00671 

As a hole injection material for the hole injection layer, polythiophene 
dioxythiophene (abbteviiation: PEDOI) doped with polystyrene sulfonate (abbieviation; 
5 PSS), polyanilijie, polyvinyl catbazole (abbreviaticm: PVIQ, and the like can be used. 
10068] 

He light-emiitmg layer 212 includes the organometallic complex according to 
the present invention, which is previously shown by the general formula 2, as a guest 
compound. As a host material, a bipolar material oxay be used, or a hole transport 

10 material and an electron transport materia! may be mixed alternatively to be bipolar. 
Here, a hole transport polymer compound (PVK, fior example) and the aforementbned 
election transport material (PBD, for example) are dissolved in the same solvent at 7 : 3 
(molar ratio) first, and an appropriate amount of the oiBanometallic complex according 
to the present lnv»tion (approximately 5 w%) is further added to prepare a solution. 

15 The light-emitting layer 212 can be obtained by wet application of this solution and 
baking* 

10069] 

in this way, it is possible to obtain an electroluminescent device that has the 
light-emittiAg layer 212 including the organometallic complex according to the present 
20 invention and the bole injecdon l^er 211 comprising the polymer material, which are 
fbimed with a wet piocess. 
[0070] 

In Embodiment Mode 2, the organometallic complex according to the present 
invention is used as a guest material in the light-emitting layer 212, the 
25 electroluminescent device is a light-emitting device that has luminescence d>tained 
from the organometallic complex according to the present invention as a lighting color. 

[0071] 
[Embodiments] 
[Synthesis Example] 

30 The present synthesis example will exemplify a synthesis method of an 
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organomctallic complex according to the present invention, represented by the 
following structure faimula (21). 

[0072] 
[Fon»ula9] 



s 




[0073] 

First, after refluxmg an equimolar amount of acetophenone and inyline in 
ethanol for 48 houis, a ligaad ie{vesented by the following structure formula 14 was 
10 obtained by removing the solvent (umber and oily). 
[0074] 
[Fonnula 10] 




[0075] 

Next, iridium chloride (IrCb- HCl- H2O) and 2J equivalents of the stiuctuic 
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foimula 14 were refluxed in a mixed solvent of 2-edioxy«hanol and water at 3:1 in a 
nitrogen atmosphere for 16 hours to obtain a dinuclear complex of the flowing structure 
formula 15. The obtained powder was filtered, and subjected to air drying after 
washing with ethanol and acetone. 
5 [0076] 
[Formula 11] 




[0077] 

Further, the structure formula (23^ 3 equivalents of pioolinic add, and 10 
10 equivalents of sodium caibonate were refluxed in 2-ethoxyethanol in a nitrogen 
atmosphere for 16 hours. After removing the solvent, the product was purified by a 
column chroamatography, and recrystallized to otytain the compouiul of the 
aforementioned structure formula (21), whidi is the object. 

[0078] 

15 Fig. 3 shows an absorption spectrum, an excitation spectrum, and an emission 

Spectrum (PL) of the obtained oiganometallic complex according to the present 
invention (structure formula (21)). In Fig. 3, an absozption spectrum of the ligand 
(structure f oimula (22)) is also shown together. 
[0079] 

20 As shown in Fig. 3, an absotption spectrum 2 has absorption in the side of 

longer wavelengths (around 420 mn and 500 to 600 nm) as compared to a spectrum 1 of 
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the ligaxid, dnd the broad absoiption al 500 to 600 om paiticulaily suggests triplet 
MLCr (Melal to Ligand Charge l^ansfer). In addition, an excitation spectrum 3 has 
two peaks observed, and an emission spectrum 4 is bliush white luminescence with 
peaks at about 402 nm and 585 nm. It is believed that the luminescence in the side of 
5 shorter wavelengths is a luminescent due to a fluorescent process and the luminescence 
in the side of longer wavelengths is a luminescence due to a phosphoresc»t process. 

[0080] 
[Embodiment 1] 

In the present embodiment, a light-emitting device that has an 
10 electroluminescent device according to the present invention in a pixel portion will be 
desaibed with reference to Fig. 4« Fig, 4(A) is a top view showing the light-emitting 
device and Fig. 4(B) is a sectional view of Fig. 4(A) cut along A-A\ Reference 
numeral 401 indicated by a dotted line d»otes a driver circuit portion (a source side 
driver drcuit), 402 is a pixel portion, and 403 is a driver circuit portion (a gate side 
IS driver circuit). In addition, reference num«al 404 denc^es a sealing substrate and 405 
denotes a sealing agent. The inside 407 sunounded by the sealing agent 40S is space. 
[0081] 

Reference numeral 408 denotes a wiring for transmitting signals to be input to 
the source side driver drcuit 401 and the gate side driver drcuit 403, and reorives a 

20 video signal, a clock signal, a start sigmd, a reset signal, and the like from FPC (Flexible 
Printed Circuit) 409 that serves as an external input terminal. Though only the FPC is 
shown in the figure here, a printed wiring board (PWB) may be attached to the FPC. A 
light-emitting device in the specification includes not only a light-emitting device body 
but also a state where an FPC or a PWB is attached thereto. 

25 [0082] 

Next, the sectional structure will be explained with reference to Fig. 4(B). The 
driver circuits and the pixel portion are formed over a device substrate 410. Here, the 
source side driver circuit 401 as the driver drcuit portion and the pixel portion 402 are 
shown. 
30 [0083] 
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In the source side driver circiut 401^ a CMOS circuit is formed of a 
combination of an n-channel TFT and a p-diannel TFT The TFR forming the driver 
dicuit may also be formed of a known CMOS circuity PMOS circuit, or NMOS circuit 
Although the present embodiment shows a driver integrated type in which a driver 
5 circuit is formed over a device substrate, which is cot always necessary, the driver 
circuit can be formed not over the device substrate but at the outside thereof. 
[00841 

The pixel portion 402 is formed of a plurality of pixclSi each including a 
switching TFT 411, a current controlling TFT 412, and a first electrode 413 connected 
10 to a drain thereof electrically. In addition, an insulator 414 is formed to cover an edge 
of the first electrode 413. Here, a positive photosensitive acrylic resin film is used to 
form the insulator 414. 
[0085] 

Besides, in order to obtain a favorable coveragCi a curved surface with a 
15 curvature is formed on a top pottlm or bottom potion of the insulator 414. For 
example, in the case of using positive photosensitive acrylic as a material of the 
insulator 414, it is preferable that only the top portion of the insulator 414 has a curved 
surface with a curvature radius (0.2 ^m to 3 lun). In addition, any of a photosensitive 
negative type that becomes insoluble m an etchant by lig^t and a positive type that 
20 becomes soluble in an etchant by light can be used as the insulator 414» 
[0086] 

On the first electrode 413^ an electiohmiinescent layer 416 and a second 
electrode 417 are respectively formed. Here^ as a material that is used for the first 
electrode 413 functiou'ng as an anode, it is preferable to use a material that has a large 

2S work function. For example, in addition to single layers such as an ITO (indium tin 
oxide) film, an indium zinc oxide QZO) film, a titanium nitride film, a chromium film, a 
tungsten film, a Zn film, and a Pt film, a laminate of a titanium nitride film and a film 
including aluminum as its main component, a three-layer structure of a titanium nitride 
film, a film including aluminum as its main component, and a titanium nitride film, and 

3D the like can be used* When a laminated structure is employed, the resistance as a 
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wiring is low. favorable ohmic contact can be taken, and it is possible to function as an 
anode. 

[0087] 

Hie electroltiminescent layer 416 is fonned by evaporation that uses an 
5 evaporation mask or by inkjet. Fw the electroluminescent layer 416, as a part thereof, 
the oiganometallic complex (the foregoing general formula 2) according to the present 
invention is used, and as the other materials that can be used in combination, a low 
molecular weight material and a high molecular weight material may be given. In 
addition, it is often the case that an org^nic compound for a single layer or a laminate is 
10 generally used as a matmal that is used fyc an dectroluminesoent layer. However, the 
present invention indudes a strccture in which an inorganic compound is used for a part 
of a film comprising an orgaidc compound. 
[0088] 

In addition, as a material that is used f(x the second electrode (cathode) 417 
15 formed on the electroluminescent layer 416, a material that has a small woric function 
(Al, Ag, U, or Ca, an alloy thereof such as MgAg, Mgin, AlU, or CaFi, or CaN) may 
be used. In the case of transmitting light generated in the electroluminescent layer 416 
thiough the second electrode 417, it is preferable to use a laminate of a thinned metal 
and a transparent conductive film (such as TtO (an alloy of indium oxide and tin oxide), 
20 an alloy of indium oxide and zinc oxide (IniOs'ZnO)* or zinc oxide (ZnO)) film as the 
second electrode (cathode) 417. 
[0089] 

Further, a structure is obtained by bonding the sealing sul>strate 404 and the 
device substrate 410 with the sealing agent 405, where an electroluminescent device 
25 418 is equipped in the space 407 surrounded by the device substrate 410, the sealmg 
substrate 404, and the sealing agent 405. Hie space 407 also includes a compo^tion of 
filling with the sealing agent 405 in addition to a case of filling with inert gas (such as 
nitrogen or argpn). 
[0090] 

3D It is preferable to use epoxy resin for the sealing agent 405. In addition, it is 
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desirable that these materials are a material that allows no penneation of moisture or 
oxygen to as much as possible. Further, as a material that is used for the sealing 
substrate 404, a plastic substrate comprising FRP (Fiberglass^Reinforced Plastics^ P VP 
(polyvinylfluoiicte), Mylar, polyester, acrylic, or the like can be used besides a glass 
5 substrate and a quarts substrate. 
[0091] 

In this way, the ligbt-emittbxg device that has the electroluminescent device 
according to the present invention can be obtained. 
[0092] 

10 [Embodiment 2] 

In the present embodiment, various electric appliances completed with the use 
of a light-emitting device that has an electrohiminescent device according to the present 
invention will be described. 
[0093] 

15 As electric appliances manufactured with the use of a light-emitting device that 

has an electroluminescent device according to the present invention, a video camera, a 
digital camera, a goggle^type display (head mount display), a navigation system, a 
sound reproduction device (such as an in-car audio system or an audio set), a laptop 
personal oonqputo^ a game machine, a peiMnal digital assistance (sudi as a mobile 

20 computer^ a mobile phone, a portable game machine, or an electronic liook), an image 
reproduction device equipped with a recording medium (specifically, a device eqidpped 
with a display device that can reproduce a recording medium sudi as a digital versatile 
disc (DVD) and display the image), and the like can be given. Fig. 5 shows specific 
examples of these electronic devices* 

25 [0094] 

Fig. S(A) is a display device, which includes a frame body 5101, a suppon 
5102, a display portion 5103, a speaker portion 5104, a video input terminal 5105, and 
the like. A light-emitting device that has an electroluminescent device according to the 
present invention is used for the display portion 2003. The display device includes all 
30 devices for displaying information such as for a personal computer, for receiving TV 
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broad castings and for displaying an adverdsement 
[0095] 

Fig, S(B) is a laptop personal computer^ which includes a main body 5201, a 
frame body 5202^ a display portion 52Q3» a keyboaid 5204^ an external connection port 
5 5205, a pointing mouse 5206, and die like. A light-emitting device that has an 
electxolumincscent device according to the present invention is used for the display 
poition5203* 

[0096] 

Fig. 5(C) is a mobile computer^ which includes a main body 5301, a display 
10 portion 5302, a switch 5303, an operation key 5304, an infrared port 5305, and the like. 
A light-emitting device that has an electroluminescent device according to the present 
invention is used for the display portion 5302« 

[0097] 

Fig* 5(D) is a portable image reproduction device equq)ped with a recording 
13 medium (specifically, a DVD reproduction device), which includes a main body 5401^ a 
frame body 5402, a display portion A 5403^ a display portion B 5404, a recording 
medium (such as DVD) reading portion 5405, an operation key 5406, a speaker portion 
5407, and the like. The display portion A 5403 is used mainly for displaying image 
infonnadon while the display portion B 5404 is used mainly for displaying character 
20 information, and a light-emitting device that has an electroluminescent device according 
to the present invention is used for these display portion A 5403 and display portion B 
5404. Hie image reproduction device equipped with the recording medium further 
includes a home game machine and the like. 
[0098] 

25 Fig* 5(E) is a goggle-type display (head mount display), which includes a main 

body 5501, a display portion 5502, an arm portion 5503, and the like. A light-emitting 
device that has an electroluminescent device according to the present invention is used 
for the display pordon 5502« 
(0099) 

30 Fig. 5(F) is a video camera, which includes a main body 5601, a display 
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poition 5602, a frame body 5603, an external connection port 5604, a remote control 
receiviog portion 5605> an image receiving portion 5606, a bauery 5607, a sound input 
portion 5608, an operation key 5609, an eye piece 5610, aiul the like. Alight-emitting 
device that has an electtoluminescent device according to the present invention is used 
5 for the display portion 5602. 
[0100] 

Fig. 5(G) is a mobile phone, which includes a main body 5701, a frame body 
5702, a display portion 5703, a voice input portion 5704, a voice output p<mon 5705, 
an operation key 5706, an exteroal connection port 5707, an antenna 5708, and the like. 
10 A light-emitting device tha^ has an electroluminescent device according to the present 
invention is used for the display portion 5703. Hie mobile phone can have power 
consumption suppressed by displaying white characters on a black background in the 
display portion 5703. 

[0101] 

15 As described above, a Ug|it->emjtting device that has an electvoluminescent 

device according to the present hivention is quite widely applied, and is applicable to 
electric appliances in all fields. 

[0102] 
[Efifea of the Invention] 

20 A novel organometallic compound can be provided by cany ing out the present 

invention. In addidon, an electroluminescent device that has a hig^ luminous 
efBciency can be provided by using the oiganometallic compound to manufacture an 
electroluminescent device. Further, a light-emitting device and an electric appliance 
with low power consumption can be provided by using the oiganometallic complex to 

25 manufacture a light-emitting device and an electronic device* 
[Brief Description of the Drawings] 

[Fig. 1] a diagram describing a device structure of an electroluminescent device 
in Embodiment Mode I 

[Fig, 2] a diagram describing a device stnicture of an electroluminescent device 

30 in Embodiment Mode 2 
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[Fig. 3] a graph showing absorption, excitation, and emission spectra of an 
organometallic complex according to the present invention 

[Fig. 4] diagrams describing a light-emitting device according to the present 
invention 

5 [Ffg. S] diagrams describing electronic devices that nse a light-emitting device 

according to the present invention 
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[Name of Document] Abstract 
[Abstract] 

[Object] A white or whitish luminescent material for phosphoiescence 1$ provided by 
synthesizing an oiganometaUic comply that is able to convert a triplet excited state into 
5 light emission, b particular, a white electioluminescent device that has a high 
luminous efficiency and can be manu&ctmed easily is piovided by using the 
oiganometallic complex to manufacture a white or whitish electroluminescent device. 
The electroluminescent device is used to provide a light-emitting device with low power 
consumption. 

to [Solving Means] A jQuorescent and frfiosphorescent material represented by a general 
fonnula [Formula 1] is synthesized. Since this material can emit both components of 
fluorescence and phosphorescence in the region of visible light, white or whitish 
luminescence can be achieved, which is applied to an electroluminescent device or a 
light-emitting device^ 

15 [Formula 1] 




(1) 
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[DOCUMENT NAM^ DRAWINGS 
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[FIG. 4] 
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[FIG. 5] 
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